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DEVICE FOR TRANSMITTING SIGNALS 
BETWEEN MOVING PARTS 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

The invention relates to devices for transmitting, high 
frequency as Well as digital signals betWeen moving parts, 
consisting of a signal source and a signal sink connected by 
a transmission channel. Speci?cally, the present invention 
relates to the transmission of high-frequency signals such as 
intermediate-frequency signals or even digital data, rather 
than high-performance transmission in the microWave 
range. Such signals are normally made available as non 
symmetrical signals. 

High-frequency and also digital signals must frequently 
be transmitted betWeen parts Which are mobile relative to 
each other. A typical application of such transmission paths 
is radar technology, Where signals are transmitted from the 
transmitter/receiver unit to the antenna. 

Various devices are knoWn for transmitting non 

symmetrical signals. For instance, the transmission may be 
performed in a capacitive manner via a package of plates 
resembling a variable capacitor. The main problem of this 
arrangement is the current path betWeen the mutually mobile 
parts is not precisely de?ned. Initially, the current ?oWs 
through the plate package. The return path is normally the 
frame or chassis, Which is mostly implemented as a screen 
or housing. When the parts are rotating relative to each other, 
hoWever, it is particularly difficult to achieve an effective 
loW-inductance frame or ground connection. This results in 
the inherent problems With the previous transmission sys 
tems. In this case, it is very dif?cult to achieve constant 
transmission characteristics and a constant cross-talk. 

Even though transmission paths implemented With the aid 
of variable capacitors have a comparatively large 
bandWidth, in distinction from other transmission 
techniques, they present the disadvantage of high engineer 
ing expenditures (in terms of the plate packages) and an 
upper limit frequency Which is far beloW a Wavelength 
corresponding to the dimensions of the plate package. 
Another disadvantage of this arrangement is their high 
sensitivity to mechanical loads as Well as shocks and vibra 
tions. 

Transmission paths based on coupled resonance circuits 
present good transmission characteristics, but naturally they 
only have a very narroW band. They have high expenditure 
requirements (in terms of manufacturing technology), and 
may possibly require trimming. For different applications, 
each of these elements must be dimensioned differently. As 
a result, it is nearly impossible to obtain a Wide range of 
products With such transmission paths in a standard design. 

In order to avoid the disadvantages of these arrangements, 
several approaches have been tried to improve the high 
frequency transmission characteristics of conventional col 
lector rings. One such approach involves a method of 
simultaneously inputting the signals at several locations so 
that the occurrence of resonances at elevated frequencies is 

ensured during limited operating conditions. In another 
approach, attempts have been made to con?gure a slip ring 
With a de?ned Wave resistance and to terminate it With the 

Wave resistor at a suitable location. 
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2 
Both approaches are entirely unsuitable for broad-band 

high-frequency transmission because they begin from a 
closed annular contact path. This path Will alWays be a 
capacitive load. Even When a resistor is mounted, Which 
corresponds to the Wave resistor, a closed ring can never be 
designed to be free of re?ections. With reference to FIG. 4 
and FIG. 5, the explanation for this is as folloWs. 

FIG. 4 shoWs a closed ring Which is designed With a Wave 
resistor of ZO=50‘Q. An impedance 15 With R=50‘Q is 
mounted on this Wave resistor. FIG. 5 shoWs a small segment 
of the ring including the impedance. On the assumption that 
the ring is actually terminated, and free of re?ections, a Wave 
propagating along the direction Would encounter an imped 
ance ahead of the impedance 15. This is the result of 
mounting in parallel the real resistor (With R=50‘Q) and the 
line (With Z0=50‘Q) for the purpose of continuing conduc 
tion behind the resistor. The value of the parallel circuit is 
299. As a result, the line cannot be free of re?ections for the 
Wave ahead of the resistor. Even With all other combinations 

of Wave resistors and terminating resistors, a line free of 
re?ections is unobtainable. 

The previously described non-contact transmission meth 
ods are superior to the contacting methods, because they 
contain a negligible amount of mechanical friction and 
hence a lack of abrasion or contact Wear. The service life of 

such non-contact transmission systems is essentially longer 
than that of the contacting methods. This is particularly true 
in the case of high speeds in the relative motion of the 
moving parts. Nevertheless, these transmission methods 
have the inherent disadvantage of a frequency limit that is 
loWer. As a function of the particular design, this limit may 
vary. What is characteristic, hoWever, is the fact that a 
common-mode component With a frequency of 0 (Zero) 
cannot be directly transmitted. 
The digital signals occurring in practical industrial 

application, eg the signals used in advanced bus systems, 
vary betWeen almost static signals With extremely loW 
frequencies and signals With a maximum clock rate prede 
termined by the bus system. The loWest frequencies occur 
ring are mostly beloW the loWer limit frequency of the 
previously described non-contact transmission systems. 

Hence a direct transmission of these signals is, as a rule, 
not possible. The knoWn modulation or coding methods are 
a remedy in this respect. Both methods require high engi 
neering expenditures. The coding methods Which are Well 
suited for digital signal transmission, such as the Manchester 
coding approach, require a Wider bandWidth of the trans 
mission channel merely on account of their coding. As a 
result engineering expenditures and costs of the transmission 
path are increased. Moreover, regeneration of the digital 
signal’s timing is required in the majority of coding appli 
cations. This timing is frequently unreconstructable from the 
signal. Only With a suitable data structure, is timing regen 
eration possible via PLL elements. Such circuits are mostly 
suitable for a previously determined data rate. In the event 
that the non-contact transmission path should be transparent 
in terms of data and protocol, only the expensive modulation 
methods can be employed. 

The object of the present invention is to improve a device 
for transmitting signals betWeen mobile elements consisting 
of a signal source and a signal sink connected by a trans 
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mission channel such that a reliable Wide-band transmission 
is ensured. This is accomplished Without a frame or ground 
connection being required betWeen the moving parts. 
A further object of the present invention is to provide 

devices that are suitable for transmitting high-frequency 
signals and/or digital signals. Moreover, according to the 
object of the invention, a transmission that is transparent in 
terms of protocol and data, With a data rate loWer than the 
loWer limit frequency of the transmission path for the 
transmission of digital signals should be possible With loW 
engineering expenditures and Without an increased band 
Width requirement. 

These and other objects and advantages are achieved by 
the present invention device, in Which a signal source and a 
signal sink are connected by a transmission channel such 
that the transmission path has a symmetrical structure and 
hence a precisely de?ned current path is available. The 
current paths for emission and return are obtained in 

approximately identical Ways. Therefore, the signal ?oW 
must not be returned via another path Which is poorly 
de?ned. Hence, poor frame or ground connections are 
irrelevant and a frame or ground connection may even be 

eliminated entirely. As a result, a separation of potentials of 
the parts that are movable relative to each other can be 

achieved at the same time. Moreover, due to the symmetrical 
transmission, an excellent in-phase rejection is achieved. 
This is particularly expedient, and is speci?cally true in 
those cases Which involve poor ground connections betWeen 
the moving parts such that substantial differences in voltage 
may be present between these elements. 

In one embodiment of the invention, optional matching 
circuits are provided for a conversion of non-symmetrical 
into symmetrical signals and vice versa. Such matching 
circuits are necessary When the signal source, or even the 

signal sink operate, on non-symmetrical signals. 
In another embodiment of the invention, the coupler 

means consist of tWo oppositely facing pairs of conductive 
surfaces. The conductor surfaces should be designed such 
that they are matched With the path of travel and the Widest 
possible overlapping of the conductive surfaces Will alWays 
be present on the moving parts. The individual conductor 
surfaces of each pair should be symmetrical as far as this is 
possible, in order to ensure the symmetry of the arrangement 
as a Whole. 

In a further embodiment of the invention, the matching 
circuits are implemented via passive components. For 
instance, several circuits are knoWn for impedance matching 
and symmetry via lines and also via transformers are knoWn. 
Here too, designs using other passive components are pos 
sible. 

Another embodiment of the arrangement utiliZes active 
components in the matching circuits. The functions of these 
matching circuits can be implemented by the use of semi 
conductors and integrated ampli?ers Without any additional 
problems. Moreover, the ?rst matching circuit can be imple 
mented via an ampli?er having an inverting and a non 

inverting output. TWo separate ampli?ers are, of course, 
equally suited for application. The second matching circuit 
can hence be implemented likeWise via a differential ampli 
?er. 
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In a yet a further embodiment of the present invention, 

transmission of digital information, a logic gate With an 
inverting and a non-inverting output are used in the ?rst 
matching circuit. As before, tWo separate logic gates may 
equally be employed. The second matching circuit may be 
implemented by means of a logic circuit having a differential 
input. 

In still another embodiment according to the invention, 
the broad-band signal transmission characteristics of a line 
terminated so that it is free from re?ections is utiliZed. Such 
a line may be structured, in correspondence With the prior 
art, as a coaxial line, a strip line or as a symmetrical tWo-Wire 
circuit. Actually, other types of lines are also suitable for 
guiding electromagnetic Waves. The electromagnetic Waves 
have a constant de?ned Wave resistance over their entire 

length and are terminated on at least one end With a resistor 

that corresponds to the Wave resistance such that they are 
free of from re?ections. The essential aspect, hoWever, is the 
transmission of TEM Waves on electrical lines. 

As a rule, such lines are terminated on both ends by the 
Wave resistor. HoWever, a signal source With a non-matched 

internal resistance may equally be connected to a line Which, 
on its part, is terminated With a resistor that corresponds to 
the Wave resistance such that it is free of re?ections. 
Re?ections cannot occur on the termination Which is free of 

re?ections. With a circular arrangement of such a line, in 
correspondence With the path of the rotating movement, the 
information may be obtained along the line. 

In the embodiments reference is made to the term “line”. 
In fact, this term relates to all lines and also several lines. 
The term “rotating” movement refers to a rotating motion 
over any angular range Whatsoever, and hence even applies 
to limited angular ranges up to continuous rotating move 
ments. 

In a further embodiment of the present invention, the 
signals are “coupled out” of this line via a high-impedance 
output circuit. This high-impedance circuit therefore does 
not give rise to re?ections at the output-coupling site. Such 
an output circuit may utiliZe a transformer, or even an 

ampli?er With a high-impedance input or an impedance 
transformer. 

In another embodiment of the invention, the signal is 
“coupled out” via a ?eld probe. This probe may be both an 
E-?eld probe or an H-?eld probe. Moreover, the probe can 
even be a combination of both types and can be a second 

coupled line. What is essential in the design of the ?eld 
probe is the fact that it Will not in?uence the ?eld of the line 
in a Way Which Will create re?ections on the line. An 

attenuation of the signal on the line by the probe is 
permissible, because any further re?ections do not occur in 
this case. 

In another embodiment of the present invention, signals 
may even be coupled into contact With the line. To this end, 
it is necessary to terminate the line on both ends in a form 

that is free of re?ections, because Waves propagate from the 
rotatable input site along both directions of the line. 

In a further design signals are coupled into the line via a 
coupler element Which achieves the coupling of the E-?elds 
and/or the H-?elds. In the simplest form this coupling 
element may be another line arranged in parallel With the 
?rst line. 
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In accordance With the object of the invention, the device 
is con?gured speci?cally for the transmission of digital 
signals, such that the transmitter is provided With a signal 
processing circuit Which increases the slope of the signal 
?anks of the digital signal supplied by the data source. This 
permits the reciprocal values of the rise time and the drop 
time to be higher than the loWer limit frequency of the 
transmission path. Furthermore, a logic evaluation circuit is 
provided in the receiver Which reconstructs the original 
signals from the pulses supplied by the transmission path by 
differentiation of the signals emitted by the transmitter. 

Other objects, advantages and novel features of the 
present invention Will become apparent from the folloWing 
detailed description of the invention When considered in 
conjunction With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram illustrating an advantageous 
embodiment, of the present invention; 

FIG. 2 shoWs a practical implementation of the coupler 
means, according to an embodiment of the invention; 

FIG. 3 is a schematic vieW of an embodiment, according 

to the invention; 

FIG. 4 shoWs a transmission system according to the prior 

art; 
FIG. 5 is a detail of the illustration in FIG. 4; 

FIG. 6 represents a schematic arrangement of a transmis 
sion path according, to an embodiment of the invention; 

FIG. 7 is a schematic vieW of a transmission path accord 
ing to the prior art; 

FIG. 8 shoWs a schematic vieW of the receiver unit 

according to the invention; and 
FIG. 9 is a graph representing the signals generated 

according to the present invention in a time/amplitude 
diagram. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1 shoWs an embodiment of the invention, Which 
consists of a signal source 1 and a signal sink 5 connected 
by the ?rst matching circuit 2, the coupler means 3 and the 
second matching circuit 4. 

FIG. 2 illustrates a practical implementation of the inven 
tive coupler means. TWo conductor surfaces 8 and 9 or 10 
and 11, respectively, of approximately the same siZe are 
arranged via holding elements 6 and 7 or the tWo parts Which 
may be moved relative to each other. The arroW indicates the 
principal direction of movement. With movements along 
this direction the quality of transmissions remains constant. 
With movements in all other directions, the quality of 
transmissions is subject to very strong variations. 

FIG. 3 illustrates another embodiment of the invention. 
Here, a transmission path for signal transmission that con 
sists of a receiver and/or transmitter 12, as Well as a 

transmitter and/or receiver 13 for relative rotation is pro 
vided. The receiver and/or transmitter 12 and transmitter 
and/or receiver 13 exchange signals via a line 14 Which is 
terminated by an impedance device 15 in correspondence 
With its Wave resistance. 
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FIG. 4 shoWs an embodiment that corresponds to the prior 

art. It is composed of a transmitter and/or receiver 12 With 
a line 14 closed to form a ring. The ring is connected to a 
terminating resistor 15. The signals are transmitted to the 
receiver and/or transmitter 13 in relative rotation mostly by 
a galvanic contact With the line 14. 

FIG. 5 serves to eXplain the impedance situation in an 
embodiment according to FIG. 4 that corresponds to the 
prior art. On the assumption that the line ring is terminated 
in correspondence With its Wave resistance, an electromag 
netic Wave Which propagates along the direction 16 meets a 
parallel circuit that includes the impedances of the line ring 
14 and the terminating resistor 15. The total impedance 
value is, in any case, smaller than the impedance of the line 
ring and hence provides for mismatching. 

FIG. 6 depicts one advantageous embodiment of the 
present invention Where data is transmitted from the ?rst 
movable part 56 to the second stationary part 57. FIG. 6 
illustrates a data source 51 and a data sink 55 Which are both 

interconnected via the transmitter/receiver 52, the transmis 
sion path 53 and the receiver/transmitter 54. The transmitter/ 
receiver 52 includes a signal processing circuit 21 that 
ensures a minimum slope of the signal ?anks. An evaluation 
circuit 41 is provided in the receiver/transmitter 54, Which 
reconstructs the original signal from the signal, Which has 
been distorted by the transmission path. Both data source 51 
and transmitter/receiver 22 are located in ?rst movable part 
56, and data sink 55 and receiver/transmitter 54 are located 
in second stationary part 57. 

The transmitter/receiver 52 is provided With a signal 
processing circuit 21. This circuit increases the ?ank slope 
of the digital signals furnished by the data source such that 
the reciprocal values of the rise and decay times are greater 
than the loWer limit frequency of the transmission path. The 
signals processed in this manner are then emitted by the 
transmitter/receiver 52 to the transmission path 53. Because 
of the band-pass characteristic of the transmission path, only 
isolated pulses still arrive at the receiver/transmitter 54. The 
isolated pulses assume positive or negative values, depend 
ing on the ?ank emitted by the transmitter/receiver 52. 

An evaluation circuit 41 is provided in the transmitter/ 
receiver 54, Which reconstructs the original signal from 
these pulses. The reconstructed signal is then transmitted by 
the receiver/transmitter 54 to the data sink 55. The evalua 
tion circuit 41 comprises a ?rst comparator for detecting 
negative pulses. A digital memory is set by the ?rst com 
parator and reset by a second comparator. As a result, the 
polarity of the pulse that occurred last is stored. With the 
pulses occurring only at signal ?anks, they are indicative of 
variations in the signal level. As these variations are stored, 
the output of this memory re?ects the last signal level. 

FIG. 7 shoWs an embodiment that corresponds to the prior 
art. It consists of a data source 61, a transmitter 62, a 

transmission path 63, a receiver 64, as Well as a data sink 65. 

FIG. 8 illustrates a typical structure of the evaluation 
circuit 41. This circuit includes a ?rst comparator 42 for 
detecting positive pulses, as Well as a second comparator 43 
for detecting negative pulses. A digital memory is set by the 
?rst comparator 42 and reset by the second comparator 43. 
Therefore, the polarity of the pulse that occurred last is 
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stored. The output signals of the ?rst and the second 
comparators are combined With each other via a storage 
element 44. With the pulses occurring only at signal ?anks, 
they are indicative of variations in the signal level. As these 
variations are stored, the output of this memory re?ects the 
last signal level. 

FIG. 9 explains the mode operation of the embodiment 
described in FIG. 6. The graph (a) is representative of a 
typical signal as supplied by the data source. This signal is 
not processed by the signal processing circuit in the trans 
mitter such that the minimum slope of the signal ?anks Will 
be ensured. This signal is represented by graph DoWn 
stream of the transmission path With band-pass characteris 
tics the signal presents the shape NoW the receiver must 
reconstruct the original signal via an evaluation circuit. 
When the signal is then integrated via an integrator, per an 
embodiment of the invention, the signal shape according to 
graph (d) is obtained. Using another embodiment of the 
invention, the evaluation is performed via tWo comparators 
and a memory. The graph (e) represents the output signal of 
the ?rst comparator for detecting positive pulses, While 
graph shoWs the output signal of the second comparator 
for detecting negative pulses. The output signal of the 
memory is represented by graph 

The foregoing disclosure has been set forth merely to 
illustrate the invention and is not intended to be limiting. 
Since modi?cations of the disclosed embodiments incorpo 
rating the spirit and substance of the invention may occur to 
persons skilled in the art, the invention should be construed 
to include everything Within the scope of the appended 
claims and equivalents thereof. 
What is claimed is: 
1. Asystem for transmitting and receiving high frequency 

signals betWeen tWo parts, Where a ?rst part is a movable 
part and a second part is a stationary part, comprising: 

a signal source, located in the ?rst part, for emitting a 
signal; 

a signal sink, located in the second part, for receiving the 
signal; 

a transmission channel, extending betWeen the ?rst part 
and the second part providing a signal current path for 
the signal and a de?ned return current path for a return 
current of the signal and for connecting the signal 
source and the signal sink, the signal current path and 
the de?ned return current path each comprising a ?rst 
portion coupled With a second portion; and 

a coupler, provided in the transmission channel for cou 
pling the ?rst portion of the signal current path to the 
second portion of the signal current path; 
Wherein the return current of the signal is returned from 

the second portion to the ?rst portion along the 
de?ned return current path. 

2. The system according to claim 1, further comprising: 
a ?rst matching circuit arranged in the ?rst part of the 

signal current path of the transmission channel; and 
a second matching circuit arranged in the second part of 

the signal current path of the transmission channel; 
Wherein the ?rst matching circuit converts a ?rst 

unsymmetrical signal transmitted from the signal 
source into a symmetrical signal, and the second 
matching circuit converts the symmetrical signal to a 
second unsymmetrical signal. 
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3. The system according to claim 2, Wherein the ?rst 

matching circuit and the second matching circuit comprise 
passive or active components. 

4. The system according to claim 3, Wherein the passive 
components comprise a transformer or a line, and the active 
components comprise a semiconductor or an ampli?er. 

5. The system according to claim 2, Wherein the ?rst and 
second matching circuits are selected from the group com 
prising: 
When said ?rst matching circuit is a line having a ?rst 

impedance and is terminated With a ?rst matching 
resistor, said second matching circuit is a line having a 
second impedance and is terminated With a second 
matching resistor; 

When said ?rst matching circuit is a line having a ?rst 
impedance, said second matching circuit is a line 
having a second impedance and is terminated With a 
matching resistor; 

When said ?rst matching circuit is a transformer, said 
second matching circuit is a transformer; 

When said ?rst matching circuit is an ampli?er, said 
second matching circuit is a differential ampli?er; 

When said ?rst matching circuit is a logic gate, said 
second matching circuit is a logic circuit. 

6. The system according to claim 1, Wherein the coupler 
comprises: 

tWo ?rst symmetrical conductive surfaces of approxi 
mately the same siZe for transmitting the signal and 
receiving the return current of the signal; and 

tWo second symmetrical conductive surfaces of approxi 
mately the same siZe for receiving the signal and 
transmitting the return current of the signal, disposed in 
close proximity to the tWo ?rst symmetrical conductive 
surfaces so that each transmitting symmetrical conduc 
tive surface overlaps and faces a receiving conductive 
surface, the tWo ?rst symmetrical conductive surfaces 
being located in the ?rst part and the tWo second 
symmetrical conductive surfaces being located in the 
second part. 

7. The system according to claim 6, Wherein the dimen 
sions of the tWo ?rst symmetrical conductive surfaces are 
different from those of the tWo second symmetrical conduc 
tive surfaces. 

8. The system according to claim 6, Wherein the dimen 
sions of the tWo ?rst symmetrical conductive surfaces are 
the same as those of the tWo second symmetrical conductive 
surfaces. 

9. Asystem for transmitting and receiving high frequency 
signals betWeen tWo parts, Where a ?rst part is a movable 
part and a second part is a stationary part, comprising: 

a signal source, located in the ?rst part, for emitting a 
signal; 

a signal sink, located in the second part, for receiving the 
signal; 

a transmission channel, extending from the ?rst part to the 
second part providing a signal current path for the 
signal and connecting the signal source and the signal 
sink, the signal current path comprising a line that is 
terminated on at least one end by an impedance device 
and having a ?rst portion and a second portion; and 

a coupler, provided in the transmission channel for cou 
pling the signal from the ?rst portion of the signal 
current path to the second portion of the signal current 
path; 
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wherein the impedance device is matched to an imped 
ance of the line to eliminate re?ections. 

10. The system according to claim 9, further comprising: 

at least one of a high-impedance output circuit and a ?eld 
probe for coupling-out the signal from the line in the 
?rst part of the signal current path; 
Wherein the at least one of the high-impedance output 

circuit and the ?eld probe does not cause additional 
re?ections on the line. 

11. The system according to claim 9, Wherein the signal 
is coupled into contact With the line in the second part of the 
signal current path. 

12. The system according to claim 9, Wherein the signal 
is inductively coupled into the line in the second part of the 
signal current path via the coupler. 

13. A system for transmitting and receiving high fre 
quency signals betWeen tWo parts, Where a ?rst part is a 
movable part and a second part is a stationary part, com 
prising: 

a signal source, located in the ?rst part, for emitting a 
signal; 
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a signal sink, located in the second part, for receiving the 

signal; 
a transmission channel, extending betWeen the ?rst part 

and the second part, providing a signal current path for 
the signal and a de?ned return current path for a return 
current of the signal and for connecting the signal 
source and the signal sink, the signal current path 
having a line that is terminated on at least one end by 
an impedance device and the signal current path and the 
de?ned return current path each comprising a ?rst 
portion coupled With a second portion; and 

a coupler, provided in the transmission channel for cou 
pling the ?rst portion of the signal current path to the 
second portion of the signal current path; 
Wherein the return current of the signal is returned from 

the second portion to the ?rst portion along the 
de?ned return current path, and the impedance 
device is matched to an impedance of the line to 
eliminate re?ections. 


